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Background: The purpose of this study was to examine the association between functional movement and
overweight and obesity in British children.
Methods: Data were obtained from 90, 7–10 year old children (38 boys and 52 girls). Body mass (kg) and height
(m) were assessed from which body mass index (BMI) was determined and children were classified as normal
weight, overweight or obese according to international cut offs. Functional movement was assessed using the
functional movement screen.
Results: Total functional movement score was significantly, negatively correlated with BMI (P = .0001). Functional
movement scores were also significantly higher for normal weight children compared to obese children (P = .0001).
Normal weight children performed significantly better on all individual tests within the functional movement screen
compared to their obese peers (P <0.05) and significantly better than overweight children for the deep squat
(P = .0001) and shoulder mobility tests (P = .04). Overweight children scored significantly better than obese in the
hurdle step (P = .0001), in line lunge (P = .05), shoulder mobility (P = .04) and active straight leg raise (P = .016).
Functional movement scores were not significantly different between boys and girls (P > .05) when considered as
total scores. However, girls performed significantly better than boys on the hurdle step (P = .03) and straight leg
raise (P = .004) but poorer than boys on the trunk stability push-up (P = .014).
Conclusions: This study highlights that overweight and obesity are significantly associated with poorer functional
movement in children and that girls outperform boys in functional movements.
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Childhood overweight and obesity persists as a major
worldwide health issue [1,2]. A number of studies have
documented influences such as sedentary behaviour and
nutritional habits on weight status but few have examined
the structural and functional limitations of excess weight
[3,4]. These studies have predominantly been in adult
samples and few data have been reported for pediatric
populations [3,5]. This is somewhat surprising as children
display alterations to their functional movement as a
consequence of excessive weight [5] which can impede* Correspondence: Michael.duncan@coventry.ac.uk
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reproduction in any medium, provided the ordaily physical activity level and limit functional performance
[5,6]. Suboptimal movement patterns resulting from over-
weight and obesity in childhood may lead to orthopaedic
abnormality in later life and inability to complete tasks of
daily living. It has therefore been suggested that minimising
impaired movement patterns evident in obese and over-
weight children should be treated at the earliest opportunity
[7]. However, few studies appear have examined these asso-
ciations in children. Studies of gait in pediatric samples
[8,9] have identified differences between overweight/obese
and normal weight children. These studies documented
increased joint moments for overweight children compared
to normal weight children [9] and larger joint powers in
obese children [8] during walking at 2 different cadences.
These studies suggested that the kinematic changes seen inl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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cations [8] and that the lower joint powers seen in obese
children contribute to difficulty performing locomotor tasks
and potentially decrease motivation to exercise [9]. More-
over, several studies have identified that, although different
to functional movement, fundamental movement skills,
locomotor (running, hopping, jumping) and object-control
(catching, throwing) skills are negatively influenced by over-
weight [10-12]. It can be argued that good functional move-
ment is needed in order for children to perform these
fundamental movement skills [10] and prior studies have
consistently reported poorer fundamental movement skills
in overweight and obese children [10-12] indicating that
childhood obesity might have adverse effects on gross
motor development. It is also important to note that the
term ‘FMS’ has been used by different authors to represent
‘fundamental movement skills’ e.g. [10] or ‘functional
movement skill’ e.g. [13]. The use of this abbreviation can
therefore cause confusion, particularly because functional
movement skill is different to, but overlaps with ‘fundamen-
tal movement skills’. Where fundamental movement skills
form the prerequisites for sport competence and other
forms of PA [14,15], functional movement skill refers to the
underlying movement patterns which underpin perform-
ance in all other movements [13]. In the context of the
current paper, the term ‘FMS’ will be used in reference to
the ‘Functional Movement Screen’.
Other work [3] has more specifically examined the
association between Body Mass Index (BMI), physical
activity and functional movement by employing the
Functional Movement Screen (FMS) in a sample of 58
children. The authors reported that poorer functional
movement was associated with higher BMI and lower
levels of physical activity. The FMS, employed in the afore-
mentioned study, consists of a series of 7 fundamental
movements tests designed to categorise functional move-
ment patterns [13,16,17]. The 7 movement tests use a
variety of positions and movements closely related to
normal growth and development and it is conceptualised
that fundamental movements, such as those tested by the
FMS, operate as the basis of more complex movement
patterns used in common daily activities [4]. As such the
use of the FMS offers a practical way by which to evaluate
functional movement patterns. Each of the 7 tests can be
scored and presented individually or a total composite
score can be generated which provides an indication of
functional movement. In the case of the research by
Duncan and Stanley [3] only a total FMS score was exam-
ined, thus limiting the conclusions that could be made
regarding the relationship between obesity and functional
movement in children. Recent research by Schneiders et al.
[4] presented data from each of the 7 FMS tests on young
adults but suggested that future research was needed
employing this approach with different populationsincluding children. In particular, no study to date has exam-
ined potential differences in functional movement patterns
between overweight and obese children (instead preferring
to group children as overweight/obese). Moreover, studies
presenting data relating to FMS testing in children have
used a total FMS measure. As prior studies have identified
no difference in total FMS but differences in individual
FMS tests [4], it is important to also examine potential
differences in scores on each of the FMS tests to make
meaningful comparisons between groups and to target
interventions more effectively [4] based on a better
understanding of how gender and/or weight status
might influence the tests within the FMS which will
require different contributions of mobility, strength
and flexibility.
As data examining functional movement in children
and particularly that examining the effect of weight status
on functional movement is lacking, the aim of this study
was to examine relations between functional movement
patterns and weight status in primary school children.Method
Participants
Following institutional ethics approval, ninety children (38
boys and 52 girls, 86% Caucasian, 12% south Asian, 2%
Black) from a primary school in Central England vol-
unteered and returned signed parental informed consent
forms to participate in the study. Children were aged 7-10
years (mean age ± SD= 9.6 ± 1.4 years). Participants were
included if they were ‘apparently healthy’ children aged 7 to
10 years. Exclusion criteria included; the use of a mobility
aid or prophylactic device (e.g., knee brace), if they
had a musculoskeletal impairment or injury or head
injury (<6 weeks) which was likely to affect their motor
performance. Children who were diagnosed with any form
of developmental disorder likely to influence motor
performance were also not included (i.e., developmental
coordination disorder, dyspraxia, dyslexia, Asperger’s
syndrome and autism).Procedures
Anthropometry
Body mass (kg) and height (m) were measured to the
nearest 0.5 kg and 0.5 cm respectively, using a stadio-
meter and weighing scales (Seca Instruments, Germany,
Ltd). Children were assessed in bare feet and lightly
clothed (in their Physical Education kit) and measure-
ments were taken by anthropometrists accredited by the
International Association for the Advancement of
Kinanthropometry (ISAK) and using the standard ISAK
protocol for such measurements. From this, body mass
index was determined as kg/m2. Children were classified
as normal weight (63.7%, n = 58), overweight (15.5%,
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criteria [18].
Functional movement assessment
The Functional Movement Screen™ (FMS™) is a
pre-participation screening tool which evaluates the
Fundamental Movement Patterns that underpin
performance of all movement [13,17]. The FMS consists
of seven tests; Deep squat, in-line lunge, hurdle step,
shoulder mobility, stability push-up, rotational stability
and active straight leg raise which challenge an individual’s
ability to perform basic movement patterns that reflect
combinations of muscle strength, flexibility, range of
motion, coordination, balance and proprioception [13,17].
The FMS was administered by a trained rater using
standardised procedures, instructions and scoring pro-
cesses [13,17]. Each participant was given 3 trials on each
of the seven tests in accordance with recommended
guidelines [13,17]. Each trial was scored from 0 to 3 with
higher scores reflecting better functional movement. In
regard to the criteria for scoring on the FMS, a score of ‘3’
is awarded for perfect execution of the movement, ‘2’ for
execution that demonstrates compensation and less than
perfect form, ‘1’ where there is inability to complete the
movement pattern because of stiffness, loss of balance or
another difficulty and a score of ‘0’ is awarded if there is
pain when performing the movement. Comprehensive
instructions for each movement are also provided
elsewhere [13,17]. A pilot study was also conducted with
15 participants to determine test re-test (two-week) agree-
ment between the investigator conducting the FMS rating
in the present study. Kappa values revealed excellent test
re-test agreement for total composite score and individual
FMS tests (Kappa = 0.97 to 1). Although, independent
research examining the validity of the individual tests
within the FMS is not available in children, studies have
evidenced concurrent validity of tests within the FMS with
measures of total body performance [19] and have
established biomechanical differences in scoring categories
for the FMS in the deep squat [20]. Okada et al. [19]
recently reported significant relationships between FMS
scores on the hurdle step, shoulder mobility, stability
push-up and rotary stability tests with backwards
overhead medicine ball throw performance. As the
backwards overhead medicine ball throw has been
established as a test of integrated and dynamic total
body movement [21,22], the relationships reported by
Okada et al. [19] with FMS tests of mobility, stability
and muscular strength evidence logical and concur-
rent validity of these FMS tests in the context of total
body movement. Other research by Butler et al. [20]
demonstrated that individuals who score in different
categories in the deep squat within the FMS presented
different in kinematically determined movement mechanicsevidencing validity of this test within the FMS as a measure
of movement quality.
For each test, the highest score from the three trials
was recorded and used for analysis. These scores were
also summed to generate an overall composite FMS
score with a maximum value of 21 and in accordance
with recommended protocols [4,13].
In the present study both the composite FMS score
and individual scores for each component of the FMS
were used. This is consistent with previous research with
young adults [4] and children [23]. The composite FMS
score provides a holistic evaluation of an individual’s
functional movement [13,17]. However, individual scores
for each of the FMS tests are needed to determine an
individual’s consistency of movement, to determine
whether there is a specific movement dysfunction, to
pinpoint future intervention [13,17] and to evaluate
movement patterns between different groups (e.g.,
boys vs. girls) [23].
Data analysis
As data did not meet the requirements for parametric
statistical analysis, non-parametric tests were used for
analysis. Relationships between total FMS score and BMI
were analysed using Spearman’s rank order correlation.
Differences in scores for each test and the total composite
score between gender groups were assessed using the
Mann–Whitney U test and any differences in scores for
each test and the total composite score between
normal weight, overweight and obese children were
examined using the Kruskal-Wallis test. Where any signifi-
cant differences were found post-hoc analysis employing
the Mann–Whitney U test with Bonferroni correction was
used to determine where these differences lay [24]. The
statistical package for social sciences (SPSS, Version 18)
was used for all analysis and statistical significance was set
a priori as P = .05.
Results
Total FMS score was significantly, negatively correlated
with BMI (rho = −.572, P = .0001). Mean ± S.D. of total
FMS scores when split by gender and weight status
groups is presented in Table 1. Results indicated no
significant difference in total FMS score between boys
and girls (U = 884.0, P > .05). However, total FMS score
was significantly different between normal weight,
overweight and obese children (H = 47.8, P = .0001).
Post hoc testing identified that total FMS scores were
significantly higher in normal weight compared to
overweight children and obese children and was also
significantly higher in overweight compared to obese
children (all P = .01 or better).
The distribution of scores for the different FMS tests
are presented in Figure 1 for weight status groups and
Table 1 Mean ± (S.D.) of total FMS scores for gender and weight status groups
Normal weight (n = 58) Overweight (n = 14) Obese (n = 18) Total (according to gender)
Males (n = 38) 14.6 (2.4) 12.6 (0.9) 8.2 (1.3) 12.7 (3.4)
Females (n = 52) 14.7 (2.4) 12 (0.5) 10.4 (1.4) 13.6 (2.7)
Total (according to weight status) 14.7 (2.4) 12.2 (.07) 9 (1.7) 13.2 [3]
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FMS test scores between normal weight, overweight and
obese children, results from statistical analysis indicated
significant differences between normal weight, over-
weight and obese children in all the tests of the FMS
(P = .001). However, the pattern of scoring differed
depending on the particular test within the FMS between
weight status groups. In all cases normal weight children
were more likely to score a ‘2’ or a ‘3’ than their obese peers
(all P = .005 or better). However, normal weight children
only scored significantly better than overweight children
for the deep squat (P = .0001) and shoulder mobility tests
(P = .04). In regard to comparisons between overweight
and obese children, post hoc analysis indicated that over-
weight children scored significantly better in the hurdle
step (P = .0001), in line lunge (P = .05), shoulder mobility
(P = .04) and active straight leg raise (P = .016). Of particu-
lar note, no obese children obtained a score of ‘3’ in the
hurdle step, in line lunge, rotary stability or trunk stability
push up.
In regard to gender (See Figure 2) there were significant
differences for the hurdle step (U = 763, P = .03), straight
leg raise (U = 668, P = .004) and trunk stability push-up
(U = 753.5, P = .014).Figure 1 Score distributions for each individual FMS test between no
(a score of 0 was not recorded for any participants).Discussion
This study adds to the literature in the area by providing
data examining the association between weight status
and functional movement screen scores in children.
Results of this study suggest that functional movement
is related to weight status with functional movement
being poorer in children classified as obese across all 7
tests in the functional movement screen, compared to
their normal weight peers. In this respect the results of
the present study are confirmatory of prior work [3] that
reported total FMS score to be significantly and in-
versely related to BMI in a group of 10–11 year old
children. However, in contrast, the present study clearly
builds on the work presented by Duncan and Stanley [3]
by presenting data across the individual tests within the
Functional Movement Screen. This is important as indi-
vidual scores on the 7 tests within the FMS as these are
purported to relate to the range of activities involved in
human tasks of daily living [4] and represents how the
present study adds to the area. While the use of a
composite score of functional movement, such as that
by prior research [3] provides a holistic indication of the
total quality of an individual’s or group’s functional
movement. The use of a composite score solely, as is thermal weight (NW), overweight (OW) and obese (OB) children
Figure 2 Score distributions for each individual FMS test between boys and girls (a score of 0 was not recorded for any participants).
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the diagnostic value of the Functional Movement Screen
because it does not enable researchers or practitioners
to understand whether overweight status had a specific
impact on all functional movement skill. Nor does it
highlight or whether there was patterning to the effect
that overweight and obesity might have on specific func-
tional movements (e.g., those requiring strength over
balance, upper body over lower body functional move-
ments). As such, prior work presenting the association
between functional movement and weight status in chil-
dren [3] might be considered limited in comparison to
the data presented int he present study. Similar data
have also been reported for a sample of young adults by
Schneiders et al. [4] but without examining the effect of
weight status. The data presented in this manuscript
might therefore be considered as also extending current
knowledge on expected ranges of functional movement
performance in children.
This study also supports prior research in adults which
has suggested that excess weight results in functional
limitations [5,25] and assertions that children display
altered functional movement as a consequence of excess
weight [5,6]. However, in the context of the present
study and population examined, it is possible that func-
tional limitation may have existed prior to overweight/
obesity. Therefore, it may be that functional limitation
may lead to children being less physically active, gaining
fat mass and will not develop the Fundamental Move-
ment Patterns that underpin performance to the same
level of mastery as children who do not have a func-
tional limitation [26]. In the same way, children who arenot functionally limited may more engage in more daily
physical tasks and thus, engage in more regular practise of
the Fundamental Movement Patterns that underpin
performance. These children will consequently become
more proficient in performance of Fundamental Move-
ment Patterns resulting in greater physical self efficacy,
increased likelihood of participation in physical activity
and lower likelihood of unhealthy weight. This suggestion
is conjecture although prior studies have identified that
greater self-efficacy is associated with better functional
performance and less functional limitation in older adults
[27] and recent research has highlighted that movement
training and physical activity programmes are effective in
enhancing fundamental movement skills in children [28].
Although fundamental movement skills are discrete from
functional movement, functional movement skills are
the prerequisites for the performance of fundamental
movement skills.
To the authors’ knowledge this is the first study to exam-
ine associations between weight status and the individual
tests within the FMS in a pediatric population. The data
presented here are however important as they highlight
those children who are overweight and obese present
maladaptive movement patterns needed to accomplish
tasks of daily life. Moreover, in the context of the current
study the condition of overweight versus obese cannot sim-
ply be equated in terms of FMS outcomes. The results of
this study suggest a clear differentiation in the pattern of
scoring for functional movement between normal weight,
overweight and obese children. Obese children evidenced
significantly poorer functional movement scores on all the
tests within the FMS in comparison to normal weight
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more poorly than their normal weight peers in the deep
squat and shoulder mobility tests. The subsequent poorer
performance by obese children compared to their over-
weight peers in the hurdle step, in line lunge, shoulder
mobility and active straight leg raise tests might also
suggest a graded deterioration in functional movement in
normal weight compared to overweight and overweight
compared to obese children. As this is the first study to
compare individual test scores in children across normal
weight, overweight and obese children (as opposed to
combining overweight and obesity in one category)
further research is needed to determine if this represents
a dose–response in relation to the effect of excess body
mass on functional movement.
Over time, these movement patterns coupled with the
effect of excess weight on joint loading are likely to lead
to orthopaedic abnormality in later life [6]. Moreover,
such suboptimal movement patterns can prevent indi-
viduals from undertaking health enhancing physical
activity [6].
Mechanisms for the impact of overweight and obesity
on functional movement. Have been proposed by prior
authors [6] but these are based on adult studies due to
the dearth of data in children. Overweight and obesity
has been suggested to lead to alterations in the musculo-
skeletal system that place overweight individuals at
higher risk of musculoskeletal pain [6]. This increased
musculoskeletal pain then results in restricted range of
movement. Some studies in children and adolescents
[28,29] have evidenced changes in foot structure and
plantar pressure distribution, as a result of structural
adaptation to excess weight, which was suggested to lead
to functional movement complications. Research with
older adults [30] has also highlighted that a BMI of
30 kg/m2 or greater is significantly associated with func-
tional limitation. The data presented in the current study
would, at least in part, support this assertion in children.
The suggestion that there is a reciprocal relationship
between functional movement/motor competence, phys-
ical activity and weight status is not new and the results
presented here align with the conceptual model previously
presented by Stodden et al. [31]. However, other research
with older adults has additionally suggested that the ratio
of fat free mass (FFM) to body mass is important as indi-
viduals with higher FFM are more likely to be functionally
proficient than those with lower FFM [32]. Future
research would therefore be welcomed in this area but
using pediatric samples.
Despite this, the data presented here support the need
for interventions to improve functional movement in
British children generally but those who are overweight
and obese specifically. It is also important to note that
although the children in the present study had beenfamiliarised with the movements involved in the FMS, it
may be that there are practice effects in the FMS. Studies
have yet to ascertain whether this is the case.
When comparing these study results in relation to
gender, one other study to date [23] has reported specif-
ically on the use of the tests within the Functional
Movement Screen in a pediatric population. In a rela-
tively small sample of 39 middle school children, Burton
et al. [23] reported that higher total FMS scores in girls
compared to boys were as a result of better performance
in the deep squat, in line lunge, straight leg raise and
shoulder rotation. The range of total FMS scores
reported in their study [23] are similar to those docu-
mented in this study. However, no overall gender differ-
ence was reported here, contrasting the total FMS
results reported by Burton et al. [23]. Despite this, the
results of the present study would agree with assertions
made by Burton et al. [23] that girls outperform boys in
functional movements requiring hamstring flexibility
and balance whilst boys outperform girls in tests where
muscular strength is required. However, these results
also agree with data presented by Duncan and Stanley
[3] which reported no gender differences in total FMS
scores of 10–11 year old children. One potential explan-
ation for the gender differences in particular functional
movements reported in the present study has been chil-
dren’s physical activity socialization [15]. Opportunities
to practice functional movements related to strength
performance tend to be higher in boys, since significant
others (parents, peers) may often prioritise participation
in these activities for boys whereas girls tend to more
regularly participate in sports such as dance or gymnas-
tics [33,34] which refine movement and postural control
skills such as balancing [35-37]. In such a case the
movements required to perform such activities would
best relate to the hurdle step and straight leg raise tests
within the functional movement screen as used in the
present study and may, at least in part, explain the gender
differences reported in this study. Similar to the present
study, Schneiders et al. [4] reported gender differences of
the same magnitude in the straight leg raise and
trunk stability push-up in a population of young adults.
Although there are various measures that have been
used in studies to quantify fundamental movement skills
[33,34,36,37], the functional movement screen employed
in this study provides a way to assess the quality of
specific movement patterns that relate to movement
rather than the ability to perform a function (e.g., to
throw a ball at a target as an evaluation throwing skill).
Moreover, although the FMS as used in the present
study has most readily been used with athletic groups
[13,17], the FMS was conceptualised to provide a
practical screen to identify biomechanical deficits in fun-
damental movement that may limit human performance
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ment using the FMS in young adults [4], firefighters
[38], following worksite yoga intervention [39] and in
children [23]. Thus, the use of the FMS appears to a
practical and participant friendly way by which to evalu-
ate movement in children. However, there may be remit
for future research to specifically validate the FMS with
performance of everyday life activities in a pediatric
population. Furthermore, we also acknowledge that the
FMS as used in the current study may not be the best
option to evaluate movement quality in children in a
field setting.
It is also important to note that the results presented
here do not necessarily suggest a clinical need for those
children exhibiting poor functional movement at their
present age. However if those children who exhibited
suboptimal movement patterns persist into adolescence
and adulthood and are coupled with overweight/obesity
this may lead to further musculoskeletal problems of
clinical significance including chronic pain, knee osteo-
arthritis and early hip replacement (See [5] for a review)
at a later stage.
There are also potential confounding variables that may
have influenced the results presented in the present study.
Habitual physical activity may represent one such
confounding variable and the lack of assessment of this
variable should be considered as a limitation in the current
study. Other individual variables such as socio-economic
status and ethnic group may also potential influence func-
tional movement and were also not accounted for in the
current study. The present sample did not have a sufficient
balance of ethnic groups nor was it drawn across multiple
socio-economic status groups for these confounding vari-
ables to be accounted for. It may also be important for
future studies to assess or control for such confounders
when considering the impact of overweight/obesity on
functional movement in children. Furthermore, longitudinal
designs would be welcome to understand whether over-
weight/obesity leads to a lack of physical activity and subse-
quent poorer functional movement or whether suboptimal
functional performance actually restricts ability to engage in
health enhancing physical activity and leads to subsequent
unhealthy weight gain. This exploratory study is also limited
by a small sample size and larger scale studies would be
welcome to verify the claims made here. In addition, cause
and effect in relation to weight status and functional
movement could not be determined in the present sample.
Conclusions
The results of this study build on prior studies on this
topic by highlighting that overweight and obesity are sig-
nificantly associated with poorer functional movement
in British children compared to normal weight children.
Presenting individual FMS scores alongside the totalcomposite score also identified that normal weight
children outperformed their overweight peers on the
deep squat and tests of shoulder mobility and overweight
children outperformed obese children in functional move-
ments requiring hamstring flexibility, shoulder mobility
and balance.
These results also highlight that girls outperform boys
in functional movements requiring hamstring flexibility
and balance whilst boys outperform girls in tests where
muscular strength is required. Further research is needed
which evaluates interventions to reduce overweight and
obesity and/or improve functional movement in children.
Competing interests
The authors declare no competing interests.
Authors’ contributions
MD designed the study, Assisted in data collection, performed statistical
analysis and wrote the manuscript. MS Assisted in data collection and
writing the manuscript. SLW Assisted in data collection and writing the
manuscript. All authors read and approved the final manuscript.
Received: 19 July 2012 Accepted: 24 April 2013
Published: 15 May 2013
References
1. World Health Organization: Global strategy on diet, physical activity and
health. Geneva: World Health Organization; 2004.
2. Daniels SR, Arnett DK, Eckel RH, Gidding SS, Hayman LL, Kumanyika S,
Robinson TN, Scott BJ, St Jeor S, Williams CL: Overweight in children and
adolescents. Pathophysiology, consequences, prevention, and treatment.
Circulation 2005, 111:1999–2012.
3. Duncan MJ, Stanley M: Functional movement is negatively associated
with weight status and positively associated with physical activity in
British primary school children. J Obes 2012, 2012:697563.
4. Schneiders AG, Davidsson A, Horman E, Sullivan JS: Functional Movement
Screen Normative values in a young active population. Int J Sports Phys
Ther 2011, 6:75–82.
5. Hills AP, Hennig EM, Byrne NM, Steele JR: The biomechanics of adiposity –
structural and functional limitations of obesity and implications for
movement. Obes Rev 2002, 3:35–43.
6. Nantel J, Mathieu M-E, Prince F: Physical activity and obesity:
Biomechanical and physiological key concepts. J Obes 2011, 2011:650230.
7. Rozendal RH: Biomechanics of standing and walking. In Disorders of Gait
and Posture. Edited by Bles W, Brandt T. Amsterdam: Elsevier Scientific
Publishers; 1986:3–18.
8. Schultz SP, Hills AP, Sitler MR, Hillstrom HJ: Body size and walking cadence
affect lower extremity joint power in children’s gait. Gait Posture 2010,
32:248–252.
9. Schultz SP, Sitler MR, Tierney RT, Hillstrom HJ, Song J: Effects of pediatric
obesity on joint kinematics and kinetics during 2 walkign cadences.
Arch Phys Med Rehabil 2009, 90:2146–2154.
10. Cliff DP, Okely AD, Morgan PJ, Jones RA, Steele JR, Baur LA: Proficiency
deficiency: mastery of fundamental movement skills and skill components
in overweight and obese children. Obesity 2012, 20:1024–1033.
11. Deforche B, Hills PA, Worringham JC, Davies P, Murphy JA: Balance and
postural skills in normal-weight and overweight prepubertal boys. Int J
Ped Obes 2009, 4:175–182.
12. Morano M, Colella D, Caroli M: Gross motor skill performance in a sample
of overweight and non-overweight preschool children. Int J Pediatr Obes
2011, 6(Suppl2):42–46.
13. Cook G, Burton L, Hoogenboom B: Pre-participation screening: The use of
fundamental movements as an assessment of function – Part 1. N Am J
Sports Phys Ther 2006, 1:62–72.
14. Barnett LM, Van Beurden E, Morgan PJ, Brooks LO, Beard JR: Childhood
motor skill proficiency as a predictor of adolescent physical activity.
J Adoles Health 2009, 44:252–259.
Duncan et al. BMC Sports Science, Medicine, and Rehabilitation 2013, 5:11 Page 8 of 8
http://biomedcentral.com/2052-1847/5/1115. Gallahue DL, Ozmun JC: Understanding motor development: Infants, children,
adolescents and adults. New York: McGraw-Hill; 2002.
16. Minicik KI, Kiesel KB, Burton I, Taylor A, Plisky P, Butler RJ: Interrater reliability
of the functional movement screen. J Strength Cond Res 2010, 24:479–486.
17. Cook G, Burton L, Hoogenboom B: Pre-participation screening: The use of
fundamental movements as an assessment of function – Part 2. N Am J
Sports Phys Ther 2006, 1:132–139.
18. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard definition
for child overweight and obesity worldwide: international survey.
BMJ 2000, 320:1240–1243.
19. Okada T, Huxel KC, Nesser TW: Relationship between core stability, functional
movement, and performance. J Strength Cond Res 2011, 25:252–261.
20. Butler RJ, Plisky PJ, Scoma C, Kiesel KB: Biomechanical analysis of the
different classifications of the Functional Movement Screen deep squat
test. Sports Biomech 2010, 9:270–279.
21. Stockbrugger BA, Haennel RG: Validity and reliability of a medicine ball
explosive power test. J Strength Cond Res 2001, 15:431–438.
22. Davis K, Minsoo K, Boswell B, et al: Validity and reliability of the medicine ball
throw for kindergarten children. J Strength Cond Res 2008, 22:1958–1963.
23. Burton R, Elkins K, Kiesel KB, Plisky PJ: Gender differences in functional
movement screen and Y-balance test scores in middle aged school
children. Med Sci Sports Exerc 2009, 41:183.
24. Field A: Discovering Statistics Using SPSS. London: Sage; 2010.
25. Fong SSM, Lee VYL, Chan NNC, Chak WK, Pang MYC: Motor ability and
weight status are determinants of out of school activity participation for
children with Developmental Coordination Disorder. Res Dev Disabil 2011,
32:2614–2623.
26. Mullen SP, McAuley E, Satariano WA, Kealey M, Prochaska RP: Physical
activity and functional limitations in older adults: the influence of self-
efficacy and functional performance. J Gerontol B Psychol Sci Soc Sci 2012,
67:354–361.
27. Logan SW, Robinson LE, Wilson AE, Lucas WA: Getting the fundamentals
of movement: a meta-analysis of the effectiveness of motor skill
interventions in children. Child Care Health Dev 2012, 38:305–315.
28. Riddiford-Harland DL, Steele JR, Storlien LH: Does obesity influence foot
structure in prepubescent children? Int J Obes 2000, 24:541–544.
29. Dowling AM, Steele JR, Baur LA: What are the effects of obesity in
children on plantar pressure distributions? Int J Obes 2004, 28:1514–1519.
30. Zorico E, DiFrancesco V, Guralnik JM, et al: Physical disability and muscular
strength in relation to obesity and different body composition indexes
in a sample of healthy elderly women. Int J Obes 2004, 28:234–281.
31. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME,
Garcia C, Garcia LE: A developmental perspective on the role of motor
skill competence in physical activity: An emergent relationship. Quest
2008, 60:290–306.
32. Stenholm S, Alley D, Bandinelli S, et al: The effect of obesity combined
with low muscle strength on decline in mobility in older persons: results
from the InCHIANTI study. Int J Obes 2009, 33:635–644.
33. Okely AD, Booth ML, Patterson JW: Relationship of physical activity to
fundamental movement skills among adolescents. Med Sci Sports Exerc
2001, 33:1899–1904.
34. Hardy LL: Fundamental movement skills among Australian preschool
children. J Sci Med Sport 2010, 13:505–508.
35. McKenzie LT, Alcaraz JE, Sallis JF, Faucette FN: Effects of a physical education
program on children’s manipulative skills. J Teach Phys Ed 1998, 17:327–341.
36. Okely AD, Booth ML, Chey T: Relationships between body composition
and fundamental movement skills among children and adolescents.
Res Quart Exerc Sport 2004, 75:238–247.
37. Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP: The biomechanics of
restricted movement in adult obesity. Obes Rev 2006, 7:13–24.
38. Peate W, Bates G, Lunda K, Francis S, Bellamy K: Core strength: A new model
for injury prediction and prevention. J Occup Med Toxicol 2007, 2:art. 3.
39. Cowen VS: Functional fitness improvements after a worksite-based yoga
initiative. J Bodyw Mov Ther 2010, 14:50–54.
doi:10.1186/2052-1847-5-11
Cite this article as: Duncan et al.: The association between functional
movement and overweight and obesity in British primary school
children. BMC Sports Science, Medicine, and Rehabilitation 2013 5:11.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
